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1. Introduction {#sec001}
===============

With the growing populations and vehicles on the roads, the traffic accidents and related deaths have been ever-increasing worldwide \[[@pone.0235564.ref001]--[@pone.0235564.ref003]\]. This alarming situation needs to be inhibited to circumvent the immense economic loss and save lives. According to the reports of the World Health Organization \[[@pone.0235564.ref004]\] and World Bank \[[@pone.0235564.ref005]\], the nations with low and middle earnings are severely affected by the fatalities of the road traffics, contributing approximately 90% of the road accidents related deaths globally. In fact, the population with working age ranged from 15 and 64 years carry the lion's share of the road accident fatalities and long-term disabilities. An estimate since 2000 revealed that, the road accidents in Malaysia alone is responsible for the increase of the death rate by approximately 14% \[[@pone.0235564.ref006]\]. According to the Malaysian Ministry of Transport \[[@pone.0235564.ref007]\] report, the total number of road accidents over the past decade have increased by approximately 41%, amounted to 369,319 and 521,466 mishaps in the year of 2007 and 2016, respectively. Consequently, the total number deaths were augmented from 6,282 to 7,152. In the same period, the total number of vehicles involved in the road accidents were increased from 666,027 to 960,569 (approximately 44% rise). In Malaysia, the private vehicles being the primary mode of transportation \[[@pone.0235564.ref008],[@pone.0235564.ref009]\]. Its number (officially registered) has been steadily increased from 97,262 (in the year of 1980) to 284,461 (in the year of 2016) \[[@pone.0235564.ref010]\]. [Fig 1](#pone.0235564.g001){ref-type="fig"} shows the number of registered vehicles in Malaysia according to their types.

![The number of vehicles registered from 1980 to 2016 \[[@pone.0235564.ref010]\].](pone.0235564.g001){#pone.0235564.g001}

Despite the enormous investment by the Malaysian Government to develop the road infrastructures the traffic management and road safety monitoring remains deficient. Therefore, the increased mobility of the current society impacted negatively on the road safety aspects. To reduce the rate of traffic accidents, several road safety programmes has been launched in the past. These include the accident prevention (proactive measures such as the road audits), accident reduction (reactive measures such as the improvements at the hazardous locations and infrastructure development targeted at the vulnerable road users for example the motorists), road maintenance (for example the grass cutting and potholes paving) and constructions of the new roads. In spite of all these proactive and reactive measures, both traffic congestion and number of fatal accidents in Malaysia are still reported to be higher compared to other nations \[[@pone.0235564.ref011]--[@pone.0235564.ref014]\], indicating the need of more proactive measures to lessen the numbers of road accidents. These road accidents negatively affect the national economy where the government need to allocate an extra budget to repair the broken infrastructures caused by the accidents. Such accidents also involve the administrative cost, medical compensation, loss of manpower and productivity \[[@pone.0235564.ref015]--[@pone.0235564.ref017]\].

Many factors are responsible for the road accidents and they are mostly related to the users (human error), environmental and vehicles \[[@pone.0235564.ref003],[@pone.0235564.ref012],[@pone.0235564.ref016],[@pone.0235564.ref018]--[@pone.0235564.ref023]\]. The gender, age, experience, physical and behavioural characteristics of the drivers (for example the reaction time, risk taking, decision making and seat belt usage) can contribute significantly to the chance and severity of the accidents \[[@pone.0235564.ref024]--[@pone.0235564.ref030]\]. In addition, various environmental factors such as the weather and lighting conditions in a particular time of the day were shown to affect both likelihood and severity of an accident \[[@pone.0235564.ref003],[@pone.0235564.ref019],[@pone.0235564.ref025],[@pone.0235564.ref027]--[@pone.0235564.ref029],[@pone.0235564.ref031]--[@pone.0235564.ref032]\]. On top, various attributes of the vehicle such as its type, age, quality of the tyres, braking system, steering and safety features were proven to contribute to the risks of injury severity in an accident \[[@pone.0235564.ref019],[@pone.0235564.ref027]--[@pone.0235564.ref028]\]. In a case study, Wedagama \[[@pone.0235564.ref033]\] has demonstrated that the collisions with the pedestrians and other vehicles could contribute to the fatal accidents of the motorcycle. The traffic and trip characteristics such as the traffic volume and composition together with the speed measurements can be considered as the common variables in many road accident models \[[@pone.0235564.ref026],[@pone.0235564.ref034]\]. In the Northern province of Ghane, the overloading and obstruction related factors were discerned to contribute to the accident severity \[[@pone.0235564.ref035]\]. Yet again, the road characteristics including the median barriers, shoulders and lane widths, flat and perpendicular bends, number of access points and pavement conditions were shown to play different role on the probability and severity of the road accidents \[[@pone.0235564.ref003],[@pone.0235564.ref029]--[@pone.0235564.ref030],[@pone.0235564.ref034],[@pone.0235564.ref036]--[@pone.0235564.ref039]\].

Over the years, various statistical approaches have been used for the analyses of road accidents \[[@pone.0235564.ref040]--[@pone.0235564.ref042]\]. To evaluate the impact of various factors on the accident severity, the celebrated logistic regression (LR) strategy was widely utilized \[[@pone.0235564.ref003],[@pone.0235564.ref019]--[@pone.0235564.ref020],[@pone.0235564.ref024],[@pone.0235564.ref027],[@pone.0235564.ref030],[@pone.0235564.ref033],[@pone.0235564.ref035],[@pone.0235564.ref037],[@pone.0235564.ref039],[@pone.0235564.ref043]--[@pone.0235564.ref045]\]. In addition, the ordered logistic was also used in the diverse accident severity prediction models \[[@pone.0235564.ref046]--[@pone.0235564.ref047]\]. Generalized ordered logistic regression \[[@pone.0235564.ref048]--[@pone.0235564.ref050]\], latent segmentation based generalized ordered logistic regression \[[@pone.0235564.ref051]\], a hierarchical ordered logit model \[[@pone.0235564.ref052]\], random parameters logit model \[[@pone.0235564.ref053]\], random parameters multinomial logit model \[[@pone.0235564.ref054]\], mixed logit model approach \[[@pone.0235564.ref055]--[@pone.0235564.ref060]\], a latent class mixed logit model \[[@pone.0235564.ref061]\], standard OLS, the quantile regression and the extreme value theory \[[@pone.0235564.ref062]\], Markov-switching approach \[[@pone.0235564.ref063]\], ordered probit model \[[@pone.0235564.ref064]\] and random parameters bivariate ordered probit model \[[@pone.0235564.ref065]\] were also utilized in the accident prediction models. Several studies proposed Bayesian spatial generalized ordered logit model approach as a recent development in predicting accident severity \[[@pone.0235564.ref066],[@pone.0235564.ref067]\]. Many attempts have been made to estimate the effectivessness of the general discrete-outcome approach in the accident severity models.

The general question related to the impact of various contributing factors to the accident severity needs further clarification. To provide some basic insight, present work evaluated the influence of the geometrical road factors on the accident severity chances in Malaysia. The effects of many other factors were neglected because of considerable limitations associated to the data obtained from the accident reports. The outputs of the developed ordered logistic regression model were analysed to signify the influence of the inconsistent road factors on the accident severity. The role that good traffic engineering and road design dealing with the ongoing accident problems were emphasized.

2. Methodology {#sec002}
==============

In recent times, the accident mitigation strategies on the federal roads of Malaysia due to the presence of complex geometrical design standards and soaring traffic volumes became a priority. In this perception, we developed an accident severity ordered logistic regression model (OLRM) to evaluate the factors responsible for the accident severity on the Malaysian federal roads. A complete set of data concerning the roadway conditions were obtained from the databases of the Public Work Department (PWD) and police reports and utilized in the model for the prediction.

2.1 Data collection {#sec003}
-------------------

The study was conducted at federal roads in Peninsular Malaysia. All such highways are declared under the Federal Roads Ordinance (1959). These are the main interurban roads connected to the state capitals, leading to the entry and exit points in the country.

The cited federal roads accidents' data that occurred during 2008 to 2015 were obtained from the PWD Forensic Accident Reports and Royal Malaysia Police (RMP) POL27 accident records database, which were integrated in the model for further analysis. Total 166 accident reports with 1067 cases (fatals, serious injuries and slight injuries) were analysed. [Table 1](#pone.0235564.t001){ref-type="table"} depicts the road conditions (also called variables with two attributes good and poor) related potential risk factors (number of accidents and percentages) that were identified. The good and poor characteristics of these variables were classified when they conformed to the PWD specification and not in conformity, respectively \[[@pone.0235564.ref068]\].

10.1371/journal.pone.0235564.t001

###### The number of accidents and its percentages as a function of 9 variables (total number of accident reports, n = 166).

![](pone.0235564.t001){#pone.0235564.t001g}

  No.   Variables                       Number (percentage)   
  ----- ------------------------------- --------------------- -------------
  1\.   Signing and Marking (SM)        33 (19.9%)            133 (80.1%)
  2\.   Road Design Consistency (RDC)   50 (30.1%)            116 (69.9%)
  3\.   Traffic Barrier (TB)            99 (59.6%)            67 (40.4%)
  4\.   Pavements (P)                   102 (61%)             64 (39%)
  5\.   Shoulders (S)                   99 (60%)              67 (40%)
  6\.   Lighting (L)                    138 (83%)             28 (17%)
  7\.   Sight Distance (SD)             105 (63%)             61 (37%)
  8\.   Horizontal Alignment (HA)       142 (85.5%)           24 (14.5%)
  9\.   Environmental Impact (EI)       135 (81%)             31 (19%)

2.2 Development of ordered logistic regression model (OLRM) {#sec004}
-----------------------------------------------------------

In the proposed OLRM, the accident severities were used as the dependent variables. Conversely, the potential risk factors of the accident severities were used as independent variables. A total of nine (9) independent variables were modeled with accident severity as the dependent variable. [Table 2](#pone.0235564.t002){ref-type="table"} shows the description code of each variable.

10.1371/journal.pone.0235564.t002

###### The description of variables used in the model.

![](pone.0235564.t002){#pone.0235564.t002g}

  Variable      Code                                                 Description of code
  ------------- ---------------------------------------------------- -----------------------------------------------------
  Dependent     0                                                    No slight injury, serious injury or fatal
  1             Slight injury only                                   
  2             Serious injury only                                  
  3             Slight and serious injuries                          
  4             Fatal only                                           
  5             Slight injury and fatal                              
  6             Serious injury and fatal                             
  7             Slight injury, serious injury and fatal              
  Independent   0                                                    Good condition and conform to the PWD specification
  1             Poor condition and do not follow PWD specification   

To test the assumption of multicollinearity, bivariate correlation test was conducted on the independent variables. As a final test, the variance inflation factor (VIF) was used to evaluate correlation for independent variables. A VIF less than 10 is acceptable for most published literature \[[@pone.0235564.ref069]--[@pone.0235564.ref070]\]. Using the proportional odds test (Brant test), the assumption of parallel regression was tested and it was found that the assumption was not violated. Therefore,the ordered logistic regression was found to be appropriate for the study.

Tables [3](#pone.0235564.t003){ref-type="table"} and [4](#pone.0235564.t004){ref-type="table"} presents the ordered logit models for independent variables and intercepts. The variables kept in the model are those whose parameters are statistically significant at the 90% level.

10.1371/journal.pone.0235564.t003

###### Ordered logistic regression modelling results for independent variables.

![](pone.0235564.t003){#pone.0235564.t003g}

  Variable   Estimate      Std. error   Wald Chi Square   p-value    Odd ratio (OR)
  ---------- ------------- ------------ ----------------- ---------- ----------------
  RDC        0.88134449    0.7920365    1.2452            2.66E-01   2.4140
  SD         0.36610062    0.3370551    1.1893            2.77E-01   1.4421
  HA         -0.87500450   0.4633180    3.5791            5.90E-02   0.4169
  P          0.27691086    0.3329731    0.6951            4.06E-01   1.3190
  S          -0.29268489   0.3225310    0.8237            3.64E-01   0.7462
  TB         -0.40864583   0.3380687    1.4631            2.27E-01   0.6646
  L          0.09241950    0.4730424    0.0382            8.45E-01   1.0968
  SM         0.42374739    0.4140275    1.0427            3.06E-01   1.5276
  EI         0.02463085    0.3956738    0.0039            9.50E-01   1.0249

RDC: Road design consistency; SD: Sight distance; HA: Horizontal alignment; P: Pavements; S: Shoulders; TB: Traffic barrier; L: Lighting; SM: Signing and marking; EI: Environmental impact.

10.1371/journal.pone.0235564.t004

###### Ordered logistic regression modelling results for intercepts.

![](pone.0235564.t004){#pone.0235564.t004g}

  i   j   Intercept estimate (α~ij~)   Std. error   t-value       p-value
  --- --- ---------------------------- ------------ ------------- ----------
  0   1   -3.14008997                  0.52872510   -5.93898368   2.87E-09
  1   2   -2.97478823                  0.50538170   -5.88622032   3.95E-09
  2   3   -2.83063870                  0.48701140   -5.81226399   6.16E-09
  3   4   -2.83063843                  0.48701140   -5.81226343   6.16E-09
  4   5   -0.66563865                  0.36335440   -1.83192662   6.70E-02
  5   6   -0.29553911                  0.36164440   -0.81720925   4.14E-01
  6   7   2.58596727                   0.43949820   5.88390806    4.01E-09

Based on both Tables [3](#pone.0235564.t003){ref-type="table"} and [4](#pone.0235564.t004){ref-type="table"}, with event *i* as the default, the probability that event *j* could happen is: $$P\left( i \middle| j \right) = \frac{e^{\lbrack\begin{matrix}
{0.88134449*RDC + 0.36610062*SD - 0.87500450*HA +} \\
{0.27691086*P - 0.29268489*S - 0.40864583*TB +} \\
{0.09241950L + 0.42374739*SM + 0.02463085*EI + \alpha_{ij}} \\
\end{matrix}\rbrack}}{1 + e^{\lbrack\begin{matrix}
{0.88134449*RDC + 0.36610062*SD - 0.87500450*HA +} \\
{0.27691086*P - 0.29268489*S - 0.40864583*TB +} \\
{0.09241950L + 0.42374739*SM + 0.02463085*EI + \alpha_{ij}} \\
\end{matrix}\rbrack}},$$ where *i* = 0,...,6 and *j* = 1,...,7.

3. Results and analysis {#sec005}
=======================

3.1 Accident trends {#sec006}
-------------------

[Fig 2](#pone.0235564.g002){ref-type="fig"} displays the accident trends on the Malaysian federal roads which consists of 1067 accident cases. The most reported accident type on the federal roads was identified as "out of control". Interestingly, most of the accidents occurred during good weather condition regardless of the day time. This situation occurred due to drivers' behaviour such as carelessness, reckless drivers, overspeeding.

![Accident trends on the federal roads of Malaysia revealing the correlation among different variables.](pone.0235564.g002){#pone.0235564.g002}

As shown in [Fig 3](#pone.0235564.g003){ref-type="fig"}, approximately 55% of the 1067 accident cases was found to involve in the fatalities. It was also observed that the cars were the major vehicles involved in the accidents (approximately 59%).

![Number of victims on accident cases involving people and vehicles on the federal roads of Malaysia.](pone.0235564.g003){#pone.0235564.g003}

3.2 Potential risk factors {#sec007}
--------------------------

[Table 3](#pone.0235564.t003){ref-type="table"} summarizes the values of various coefficients obtained from the model. The potential risk factors for the fatal accidents consisting of nine variables were considered in the selection processes.

The causal factors that contributed significantly to the accident severities have also been identified. The achieved values of the odds ratio of 0.4169 for the horizontal alignment was less than 1, indicating that for every additional increment in the poor horizontal alignment the odds of this horizontal alignment contributed to more severe accident decreased by a factor of 0.4169. This in turn suggested that the poor horizontal alignment in federal roads was less likely to be responsible for the more serious accident severity. [Table 3](#pone.0235564.t003){ref-type="table"} shows that only horizontal alignment (HA) is significant towards the severity level of road accidents at 90% of confidence level (p-value = 0.0590 \< 0.1). The relation of the significant variable in the ordered logistic regression model is followed: $$P\left( i \middle| j \right) = \frac{e^{- 0.87500450*HA + \alpha_{ij}}}{1 + e^{e^{- 0.87500450*HA + \alpha_{ij}}}},$$ where *i* = 0,...,6 and *j* = 1,...,7.

The probability of the accident severity level was decreased with the increase of horizontal alignment inconsistency (predicted as negative sign). The probability plot of injury severity based on horizontal alignment is as in [Fig 4](#pone.0235564.g004){ref-type="fig"}.

![Injury severity probability for horizontal alignment (HA).](pone.0235564.g004){#pone.0235564.g004}

In general, [Fig 4](#pone.0235564.g004){ref-type="fig"} shows the same probability trend across all events. The downward trend implies that the probability of a more serious event to happen decreases when the horizontal alignment is in a poor condition and does not follow PWD specification.

This communication depicts the development of accident severity model by considering the most significant geometrical road factors attributes to accident severity on federal roads in Malaysia with which is horizontal alignment. The modelling outcome suggested that such factors are greatly served the respective stakeholders in managing the road facilities.

4. Discussions and conclusions {#sec008}
==============================

The proposed model was simulated to predict the likelihood of the accident severity caused by diverse road factors so that some effective preventive measures can be taken to reduce such accidents. The projected model may pave the way to the relevant authorities to initiate preventive measures which is inexpensive rather than undertake costly corrective measures in long run depending on the unfavourable road conditions that cause such serious accident severity. For instance, audible edge line treatments can be introduced in order to help road users become more alert, resulting in positive outcome in accident reduction as reported by \[[@pone.0235564.ref071]\].

The model results indicated that the presence of poorer condition in the horizontal alignment led to more lesser probability of severe injury during the accidents on the Malaysian federal roads which was primarily ascribed to the enhanced alertness of the drivers during driving under such situation. It was asserted that the consistency in the horizontal curve along the road can be used as a key determinant factor to ensure the safety of the road users. It was argued that in the presence of poor road horizontal alignment, the drivers were able to control their behaviour and reactions accordingly for maintaining the safety on the road. Therefore, the estimation obtained from the model may be useful to undertake safety measures for lowering the road accident severity in Malaysia. For instance, the drivers must be warned through definite traffic safety awareness programmes regarding the possiblities of fatalities and accidents due to careless driving in the areas having standard curved road segments. However, to disseminate such awareness, intensive efforts from the multiple agencies such as the transport, police, health care, education are mandatory. On top, various proactive measures addressing the driving safety issues are prerequisite in Malaysia as suggested in the Eleventh Malaysia Plan \[[@pone.0235564.ref072]\].

It worth mentioning that Malaysia has high car ownership due to excessive dependence on the private vehicles. Thus, more interactions on the roads implies higher accident likelihood of the users. Thus, an improvement of the public transportation systems would certainly be useful towards the socio-economic conditions. Increased public transport will not only lessen the traffic congestion and accident exposure but will provide more rational choices for road users, creating a sustainable national transportation for the future. It can be further argued that the expansion of more road infrastructure are not sustainable in the long term. In fact, wide expansion of the road capacity to cater the higher demands of the vehicles only ease the interim problem.

The results obtained from the model revealed that by optimizing the usage of the available personnel and resources an effective strategy for the accidents (with high-risk factors) prevention can be developed. Although the present study covered the available data recorded during 2008 and 2015 only, however the long-term accident data with finer details can be used in the proposed model to predict more accurately the road accident fatalities in Malaysia. Other related information such as the road density, road network, level of service (LOS) of the road facilities, population distribution, socio-economic situation, topography, temporal and spatial factors, and environmental conditions (air, climate change, ambient temperature and noise) must be considered to determine the significant factors that contribute to the higher chances of fatalities. In addition, the impact of the drivers behaviour or characteristics such as the speed choice, age, gender and safety precautions while driving (for example the use of seat belt or helmet) on the accident severity (such as the PDO, injury, or fatality levels) are worth exploring. Inclusion of all these factors may enable us to develop a holistic approach towards the road safety measures. On top, the information from the hospital on the road accidents related injuries can be beneficial to integrate with the PWD and police-related database for developing a complete model. The future work in accident severity model is extended to include the existence of multiple accident severity with bigger sample size, and the use of advanced methodological alternatives that take heterogeous effects into consideration. In short, the proposed accident severity model based disclosure is established to be prospective to improve its predictive ability so that an effective mitigation strategy can be initiated in a holistic way.

Supporting information {#sec009}
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Reviewer \#1: This paper investigates the effects of roadway conditions on traffic crash severity on Federal roads in Malaysia. Although the authors have found something, the contributions of the findings are very limited. There are several reasons for the limitations of this research: 1. Only the fatal crash data are used in the analysis which cannot provide a comprehensive understanding of crash severity (usually including other severity levels such as no injury, minor injury, and severe injury). Focusing on fatal crashes also significantly reduces the size of crash dataset, which may result in small size problem on model parameter estimation. 2. The binary Logistic regression is too simple, which cannot guarantee the precise of the estimation results. Please refer to the Mannering and Bhat (2014) and Savolainen et al. (2011) for the introduction of more advanced methods. 3. The factors related to drivers, vehicles, and weather conditions which have been found to significantly impact crash severity, are not controlled in the analysis, which may also lead to biased inference. At least, major revisions are required; otherwise, I do not recommend its publication. Some other comments are as follows:

As the current research focuses on analyzing crash severity, the review part of methods for crash frequency should be removed from the Introduction section. Instead, more introduction on the crash severity models should be added.

According to information in the data collection section, there are about 900 serious or minor injury crashes collected. Why are not they used in the analysis of crash severity?

In Table 1, the definitions of good and bad conditions of each variable should be described. They are very vague to readers.

In Table 3, the authors seems to copy the results from the SPSS immediately. The terms, such as "B" and "S.E.", are not formal.

Mannering, F. L., Bhat C. R., 2014. Analytic methods in accident research: Methodological frontier and future directions. Analytic Methods in Accident Research 1: 1-22.

Savolainen, P. T., Mannering, F. L., Lord, D., Quddus, M. A., 2011. The statistical analysis of highway crash-injury severities: A review and assessment of methodological alternatives. Accident Analysis and Prevention 43 (5), 1666-1676.

Reviewer \#2: This paper claims to investigate the impact of roadway conditions on traffic accident severity of federal road in Malaysia. There are some serious flaws with the manuscript as listed below:

1\. The data adopted in this paper only included 166 accidents with 1067 cases. This raises several concerns about the validity of the paper. First of all, an investigation towards injury severity using only 166 accidents suffers greatly from the small sample size issues. By processing 166 accidents into 1067 cases makes it even worse. Since it means one accident is split into multiple cases where the severity outcomes will be different but the nine explanatory variables remains the same.

2\. The simple logistic regression is not appropriate for analyzing injury severity because it doesn\'t not account for unobserved heterogeneity issues often present in crash data.

\*\*\*\*\*\*\*\*\*\*

6\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files to be viewed.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email us at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0235564.r002

Author response to Decision Letter 0

22 May 2020

1\. Figure 1 was drawn by authors based on data reported by the refer Malaysian Automotive Association. Malaysia Automotive Info "Summary of Sales & Production

Data." Malaysia; 2017 (reference no. 10). Citation was added to the caption of the figure.

2\. I believe the comment was made for Figure 2. Figure 2 contains map image. The figure was removed from the manuscript. Caption of Figure 2 is as below:

Fig 2. Federal roads involve in this particular study was indicated in red line (Source: Public Work Department)

Response to Reviewer 1:

1\. Thanks for your kind observation, critics and comments in the overall improvement of the manuscript.

Road accident fatalities have become top priorities and concerns for Malaysia policymakers, hence, understanding the principal factors that explain accident fatality is considered to be the first step towards the adequate design of an accident prevention strategy related to road condition. This was the original motivation in the previous analysis.

Based on the comments received, the new data analysis was performed by including all accident severity (no injury, slight injury, serious injury and fatal injury).

We admit the small sample size issues. However, the raw data obtained was from Royal Malaysia Police and Public Work Department database (from 2008 to 2015).

2\. The initial motivation of the study was to adopt the logistic regression approach based on the availability & suitability of data source/type (Reference: Al-Ghamdi AS. Using logistic regression to estimate the influence of accident factors on accident severity. Accident Analysis and Prevention. 2002;34(6):729--741.).

Based on your suggestion, we re-evaluate the propose model in the revised manuscript by utilizing Ordered Logit Model (OLM)- Mannering and Bhat (2014) and Savolainen et al. (2011). Additional related references were also included.

3\. We admit that the accident may due to several factors. The data collection was obtained from a traditional data source in which it is limited in many ways. The Royal Malaysia Police and Public Work Department (PWD) database revealed the accident severity and variables associated to it mostly on road conditions. For instance, the roadway design and maintenance is under the job scope of traffic engineer. Therefore, explanatory variables related to roadway conditions is worth to be explored in Malaysia condition for safety mitigation strategies at practitioners' levels.

4\. Other Comments:

• Methods for crash frequency models have been removed from the manuscript.

• Alternatively, crash severity models have been included in the revised manuscript.

• Understanding the fatal contributing factors was the initial motivation of the study. However, based on your recommendation, the revised version was made to include all accident severity.

• This statement was made before the appearance of Table 1: "The good and poor characteristics of these variables were classified when they conformed to the PWD specification and not in conformity, respectively." Reference related to the PWD specification was also added at the end of the statement in the revised manuscript.

• "B" and "SE" were omitted from the manuscript.

Response to Reviewer 2:

1\. Thanks for your kind observation, critics and comments. We have provided the answer of the same issue mentioned by reviewer \#1.

Road accident fatalities have become top priorities and concerns for Malaysia policymakers, hence, understanding the principal factors that

explain accident fatality is considered to be the first step towards the adequate design of an accident prevention strategy related to road

condition. This was the original motivation in the previous analysis. We admit the small sample size issues, but this was the original data

obtained from Royal Police Malaysia and Public Work Department database.

Given the limitation in data, accident severity model in this study can be used at practitioners' level in which all the explanatory variables are

within their authority.

Due to small data size, we are unable to consider unobserved heterogeneity factors. According to Mannering et al., 2016, random parameters,

latent class, and other unobserved heterogeneity approaches will mitigate the adverse impacts of omitting significant explanatory variables,

the resulting model estimates will not be able to track the unobserved heterogeneity as well as when having the significant omitted variables

included in the specification. Thus leaving out important explanatory variables still remains a problem even with advanced approaches to

account for unobserved heterogeneity.

However, statistical approaches that address unobserved heterogeneity tend to be more complex from a model estimation perspective

(Reference: Mannering, F. L., Shankar, V., & Bhat, C. R. (2016). Unobserved heterogeneity and the statistical analysis of highway accident

data. Analytic Methods in Accident Research, 11, 1--16)

2\. Based on your input, the initial binary logistic regression model is now replaced by ordered logistic regression model. All accident severities

were evaluated in the new analysis (no injury, slight injury, serious injury, and fatal).

###### 

Submitted filename: Response to Reviewers comments.docx

###### 

Click here for additional data file.

10.1371/journal.pone.0235564.r003
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PLOS ONE

Dear Dr. Hassan,

Thank you for submitting your manuscript to PLOS ONE. After careful consideration, we feel that it has merit but does not fully meet PLOS ONE's publication criteria as it currently stands. Therefore, we invite you to submit a revised version of the manuscript that addresses the points raised during the review process.

Please submit your revised manuscript by Jul 16 2020 11:59PM. If you will need more time than this to complete your revisions, please reply to this message or contact the journal office at <plosone@plos.org>. When you\'re ready to submit your revision, log on to <https://www.editorialmanager.com/pone/> and select the \'Submissions Needing Revision\' folder to locate your manuscript file.

Please include the following items when submitting your revised manuscript:

A rebuttal letter that responds to each point raised by the academic editor and reviewer(s). You should upload this letter as a separate file labeled \'Response to Reviewers\'.A marked-up copy of your manuscript that highlights changes made to the original version. You should upload this as a separate file labeled \'Revised Manuscript with Track Changes\'.An unmarked version of your revised paper without tracked changes. You should upload this as a separate file labeled \'Manuscript\'.

If you would like to make changes to your financial disclosure, please include your updated statement in your cover letter. Guidelines for resubmitting your figure files are available below the reviewer comments at the end of this letter.

If applicable, we recommend that you deposit your laboratory protocols in protocols.io to enhance the reproducibility of your results. Protocols.io assigns your protocol its own identifier (DOI) so that it can be cited independently in the future. For instructions see: <http://journals.plos.org/plosone/s/submission-guidelines#loc-laboratory-protocols>

We look forward to receiving your revised manuscript.

Kind regards,

Feng Chen

Academic Editor

PLOS ONE

\[Note: HTML markup is below. Please do not edit.\]

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: (No Response)

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: The authors should be thanked for their great efforts on improving the manuscript. Most of my comments have been addressed properly. A minor suggestion is that more works on generalized ordered logit models should be acknowledged in the Introduction Section, including:

Investigating the impacts of real-time weather conditions on freeway crash severity: A Bayesian spatial analysis. International Journal of Environmental Research and Public Health, 2020, 17(8), 2768.

Analyzing freeway crash severity using a Bayesian spatial generalized ordered logit model with conditional autoregressive priors. Accident Analysis and Prevention, 2019, 127, 87-95.

Reviewer \#2: The paper has addressed most of the concerns about the paper, however, the following relevant papers should be discussed in the literature review and included in the reference:

\[1\] Feng Chen, Mingtao Song and Xiaoxiang Ma, Investigation on the Injury Severity of Drivers in Rear-End Collisions Between Cars Using a Random Parameters Bivariate Ordered Probit Model, International Journal of Environmental Research and Public Health, 2019, 16(14) , 2632.

\[2\] Chen, Feng; Chen, Suren; Ma, Xiaoxiang. Analysis of hourly crash likelihood using unbalanced panel data mixed logit model and real-time driving environmental big data. 2018, JOURNAL OF SAFETY RESEARCH. 65: 153-159.

\[3\] Bowen Dong, Xiaoxiang Ma, Feng Chen and Suren Chen. "Investigating the Differences of Single- and Multi-vehicle Accident Probability Using Mixed Logit Model\", Journal of Advanced Transportation, 2018, UNSP 2702360.

\[4\] Ma, X., Chen, F., Chen, S., 2015. Empirical analysis of crash injury severity on mountainous and non-mountainous interstate highways. Traffic Inj. Prev. 16 7 , 715--723. doi:10.1080/15389588.2015.1010721

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No

\[NOTE: If reviewer comments were submitted as an attachment file, they will be attached to this email and accessible via the submission site. Please log into your account, locate the manuscript record, and check for the action link \"View Attachments\". If this link does not appear, there are no attachment files.\]

While revising your submission, please upload your figure files to the Preflight Analysis and Conversion Engine (PACE) digital diagnostic tool, <https://pacev2.apexcovantage.com/>. PACE helps ensure that figures meet PLOS requirements. To use PACE, you must first register as a user. Registration is free. Then, login and navigate to the UPLOAD tab, where you will find detailed instructions on how to use the tool. If you encounter any issues or have any questions when using PACE, please email PLOS at <figures@plos.org>. Please note that Supporting Information files do not need this step.

10.1371/journal.pone.0235564.r004

Author response to Decision Letter 1

2 Jun 2020

Response to Reviewer \#1:

Thanks for your suggestions.

The additional works on the GLOM have been added in the Introduction section.

Response to Reviewer \#2:

Thanks for your suggestions.

The additional references have been added in the manuscript.
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Submitted filename: Response to Reviewers comments.docx
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Click here for additional data file.
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Dear Dr. Hassan,

We're pleased to inform you that your manuscript has been judged scientifically suitable for publication and will be formally accepted for publication once it meets all outstanding technical requirements.

Within one week, you'll receive an e-mail detailing the required amendments. When these have been addressed, you'll receive a formal acceptance letter and your manuscript will be scheduled for publication.

An invoice for payment will follow shortly after the formal acceptance. To ensure an efficient process, please log into Editorial Manager at <http://www.editorialmanager.com/pone/>, click the \'Update My Information\' link at the top of the page, and double check that your user information is up-to-date. If you have any billing related questions, please contact our Author Billing department directly at <authorbilling@plos.org>.

If your institution or institutions have a press office, please notify them about your upcoming paper to help maximize its impact. If they'll be preparing press materials, please inform our press team as soon as possible \-- no later than 48 hours after receiving the formal acceptance. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information, please contact <onepress@plos.org>.

Kind regards,

Feng Chen

Academic Editor

PLOS ONE

Additional Editor Comments (optional):

Reviewers\' comments:

Reviewer\'s Responses to Questions

**Comments to the Author**

1\. If the authors have adequately addressed your comments raised in a previous round of review and you feel that this manuscript is now acceptable for publication, you may indicate that here to bypass the "Comments to the Author" section, enter your conflict of interest statement in the "Confidential to Editor" section, and submit your \"Accept\" recommendation.

Reviewer \#1: All comments have been addressed

Reviewer \#2: All comments have been addressed

\*\*\*\*\*\*\*\*\*\*

2\. Is the manuscript technically sound, and do the data support the conclusions?

The manuscript must describe a technically sound piece of scientific research with data that supports the conclusions. Experiments must have been conducted rigorously, with appropriate controls, replication, and sample sizes. The conclusions must be drawn appropriately based on the data presented.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

3\. Has the statistical analysis been performed appropriately and rigorously?

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

4\. Have the authors made all data underlying the findings in their manuscript fully available?

The [PLOS Data policy](http://www.plosone.org/static/policies.action#sharing) requires authors to make all data underlying the findings described in their manuscript fully available without restriction, with rare exception (please refer to the Data Availability Statement in the manuscript PDF file). The data should be provided as part of the manuscript or its supporting information, or deposited to a public repository. For example, in addition to summary statistics, the data points behind means, medians and variance measures should be available. If there are restrictions on publicly sharing data---e.g. participant privacy or use of data from a third party---those must be specified.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

5\. Is the manuscript presented in an intelligible fashion and written in standard English?

PLOS ONE does not copyedit accepted manuscripts, so the language in submitted articles must be clear, correct, and unambiguous. Any typographical or grammatical errors should be corrected at revision, so please note any specific errors here.

Reviewer \#1: (No Response)

Reviewer \#2: Yes

\*\*\*\*\*\*\*\*\*\*

6\. Review Comments to the Author

Please use the space provided to explain your answers to the questions above. You may also include additional comments for the author, including concerns about dual publication, research ethics, or publication ethics. (Please upload your review as an attachment if it exceeds 20,000 characters)

Reviewer \#1: (No Response)

Reviewer \#2: (No Response)

\*\*\*\*\*\*\*\*\*\*

7\. PLOS authors have the option to publish the peer review history of their article ([what does this mean?](https://journals.plos.org/plosone/s/editorial-and-peer-review-process#loc-peer-review-history)). If published, this will include your full peer review and any attached files.

If you choose "no", your identity will remain anonymous but your review may still be made public.

**Do you want your identity to be public for this peer review?** For information about this choice, including consent withdrawal, please see our [Privacy Policy](https://www.plos.org/privacy-policy).

Reviewer \#1: No

Reviewer \#2: No
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Dear Dr. Hassan:

I\'m pleased to inform you that your manuscript has been deemed suitable for publication in PLOS ONE. Congratulations! Your manuscript is now with our production department.

If your institution or institutions have a press office, please let them know about your upcoming paper now to help maximize its impact. If they\'ll be preparing press materials, please inform our press team within the next 48 hours. Your manuscript will remain under strict press embargo until 2 pm Eastern Time on the date of publication. For more information please contact <onepress@plos.org>.

If we can help with anything else, please email us at <plosone@plos.org>.

Thank you for submitting your work to PLOS ONE and supporting open access.

Kind regards,

PLOS ONE Editorial Office Staff

on behalf of

Dr. Feng Chen

Academic Editor

PLOS ONE
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